Objective To assess the maternal characteristics and causes associated with refractory postpartum haemorrhage (PPH).
Introduction
Postpartum haemorrhage (PPH) occurs in approximately 6% of all live births and despite multiple efforts it remains a leading cause of maternal morbidity and mortality in low-and middle-income countries (LMIC). 1 The World Health Organization (WHO) recommends a set of interventions as first-line treatment for women who start to bleed. These include administration of uterotonic drugs and tranexamic acid, and uterine massage. 2, 3 For women who continue to bleed despite the implementation of the first-line treatment (a condition denoted as 'refractory PPH'), and before proceeding to invasive surgical procedures, the WHO recommends the administration of additional uterotonics, a second dose of tranexamic acid and the use of an intrauterine balloon tamponade (UBT). 2, 3 However, there is limited information about the causes of PPH in women with refractory bleeding, to allow targeted use of interventions. Uterine atony, or failure of the uterus to contract after delivery, is the most common cause of PPH. 2 However, in an analysis of routinely collected data, Mousa et al. reported that in women with PPH who did not respond to first-line treatment, the main cause of PPH was trauma, accounting for 50% of the cases in either vaginal or caesarean births. 4 If uterine atony was not the main cause of refractory PPH, then the currently recommended treatment interventions would have limited impact to treat this complication, as they mainly target PPH caused by uterine atony. The results of a stepped-wedge cluster randomised trial of a condom catheter UBT as an option for treatment of unresponsive postpartum bleeding in Egypt, Senegal and Uganda showed that this intervention was ineffective to reduce PPH-related morbidity and mortality, and raised safety concerns. 5 One of the possible reasons for this negative finding may be that the primary cause of poor outcomes in the study patients was not atony (which is what the UBT was intended to treat) but other causes.
A better understanding of the association of maternal characteristics with refractory PPH and of the causes of the PPH in women who experience refractory PPH is relevant to guide the approaches to management of PPH cases that do not respond to first-line treatment. We, therefore, conducted a secondary analysis of the WHO CHAMPION trial data. The WHO CHAMPION trial was a large study (n = 29 645) comparing heat-stable (HS) carbetocin with oxytocin for PPH prevention. 6 
Methods

Study aims, design and participants
This is a secondary analysis of the WHO CHAMPION trial data (Trial registration number: ACTRN12614000870651).
The aims were to assess the maternal characteristics associated with refractory PPH, and to assess the causes of PPH by comparing women with PPH unresponsive to first-line treatment with uterotonics (refractory PPH), and women with PPH who responded to first-line treatment. Additionally, we describe the treatment interventions received by women with refractory PPH.
The WHO CHAMPION trial was a randomised, doubleblind, non-inferiority trial comparing the effectiveness of an intramuscular injection of HS carbetocin with oxytocin administered immediately after vaginal birth. The trial methods and results are described in detail elsewhere. 7 Briefly, the study randomly assigned almost 30 000 women across 23 sites in 10 countries, to a prophylactic HS carbetocin arm or a prophylactic oxytocin arm. The primary outcomes were the proportion of women with blood loss of ≥500 ml or the use of additional uterotonic agents, and the proportion of women with blood loss of ≥1000 ml. Secondary outcomes included the proportion of women having additional surgical interventions to control bleeding. Results of this trial were published in June 2018. 6 
Analysis population
As the main interest was to analyse the women with PPH according to their response to first-line treatment, the population for the comparison of maternal characteristics included the women enrolled in the trial who received uterotonics as first-line treatment of PPH. However, for the comparison of causes of PPH, we had to use the subpopulation of women who received uterotonics as firstline treatment of PPH and who had blood loss of ≥1000 ml (severe PPH), because in the CHAMPION trial the causes of PPH were collected only for women with severe PPH.
Definition of refractory PPH
For this analysis, refractory PPH was defined as PPH in which women received interventions considered as second-line treatment: three or more uterotonics for treatment, or treatment procedures (at least one of suturing cervical or high vaginal tear, bimanual uterine compression, UBT use, exploration of the uterine cavity, uterine or hypogastric artery ligation, uterine compressive sutures (e.g. B-Lynch), or hysterectomy). The cut-off point of three uterotonics or more was adopted because, in the CHAMPION trial, 60% of the women receiving two additional uterotonics for PPH treatment received them within a 5-minute time frame, implying that two uterotonics were often used as first-line treatment. Based on this assumption, we preferred to be conservative, and selected a more demanding threshold of three uterotonics or more (n = 344, 11.2% of women receiving additional uterotonics in the CHAMPION trial). 
Maternal and childbirth characteristics, and causes of PPH in women with severe PPH
The variables collected in the CHAMPION trial that were selected for the analysis were: maternal age, parity, previous caesarean section, previous PPH, gestational age, uterotonics for labour induction, uterotonics for labour augmentation, instrumental vaginal birth, perineal trauma leading to suture, newborn status at birth and birthweight.
The causes of PPH collected in the trial and used in the analysis were: uterine atony, vaginal/perineal/cervical tear, retained placenta and coagulopathy as clinically defined by the investigators at each of the hospitals. More than one cause could be assigned to each woman with severe PPH.
Statistical analysis
For the analysis of maternal characteristics, counts and percentages of women with refractory PPH in each category of the maternal variables were reported. We conducted logistic regressions with refractory PPH as dependent variable and each exposure variable as independent variable, adding in the model study centre and trial arm, as these were design variables. From these models, odds ratios were obtained for each exposure variable, adjusted only for centre and trial arm, with 95% CIs.
Multivariate logistic regression was used to obtain odds ratios (with 95% CIs) adjusted for centre and arm and for all the other characteristics to separate the effects of each characteristic from other confounding characteristics. The use of logistic regression is appropriate given our aim of studying the association between maternal characteristics and refractory PPH, as it gives the output of odds ratios with confidence intervals, conveniently measuring this association. We performed the selection of independent variables to be included in the model based on scientific knowledge and clinical experience, without performing any stepwise procedure. For the continuous variables (age of the woman and gestational age at birth), we made three categories based on biological knowledge, so that a non-linear gradient could be assessed. We used Wald confidence intervals for the odds ratios, and the P-values were obtained from the likelihood ratio chi-square statistic. We assessed the goodness of fit using residual plots and used the log-likelihood as a measure of goodness of fit, but we did not compare different models (see Supplementary material, Table S1 ). In the tables, we report the relevance and significance of each variable in the model. We did not assess the interaction between independent variables in the model. 8 For the analysis of causes of severe PPH, counts and percentages were calculated for the refractory PPH and the responsive PPH groups. We did not make any statistical inferences for this comparison because of the small numbers and consequent lack of power. All the analyses were performed with SAS software version 9.4.
The original research that generated the data for this secondary analysis and the conduct of the secondary analysis were supported by MSD, through the MSD for Mothers Program, an initiative of Merck, and HRP.
Results
Of the 29 539 women randomised in the CHAMPION trial who had a vaginal birth and satisfied consent requirements, 3061 (10.4%) received additional uterotonics. 6 Of these, 497 (16.2%) were unresponsive to PPH first-line treatment and constituted the 'refractory PPH' group. The 2564 (83.8%) women who responded to first-line treatment constituted the 'responsive PPH' group. Of the 497 women with refractory PPH, 143 (28.8%) had blood loss of ≥1000 ml (Figure 1 ). There were three maternal deaths among women who received additional uterotonics; all three in the group of women with refractory PPH. The three maternal deaths were PPH related: one associated with placental abruption, another with placental retention and the third with uterine atony. Table 1 shows the association of refractory PPH with maternal and delivery characteristics. Nulliparous women, women whose labour was induced or augmented with uterotonics, who delivered beyond 41 weeks of gestational age, had babies with birthweights ≥3500 g, or had an episiotomy or tear requiring suturing, showed significantly higher odds of refractory PPH compared with the reference categories in the analysis adjusted only by centre and trial arm. After adjustment for the other maternal characteristics, induced or augmented labour with uterotonics, episiotomy or tears requiring suturing, and having babies weighing ≥3500 g remained statistically associated with refractory PPH.
For the subgroup of women receiving additional uterotonics and having blood loss of ≥1000 ml (n = 361), Figure 2 shows the percentages of women with different causes of severe PPH as the sole cause, by the refractory PPH group (n = 143) and the responsive PPH group (n = 218). Although atony was the sole PPH cause in 53.2% (n = 116) of the women in the responsive PPH group, it only accounted for 31.2% (n = 45) of the sole causes in the group of women with refractory PPH. Conversely, although tears were the sole cause in 12.8% (n = 28) of the women in the responsive PPH group, it was the sole cause in 28% (n = 40) of those in the refractory PPH group. Placental problems were the sole cause in 11% (n = 24) and 5.6% (n = 8) of the women in the responsive and refractory PPH groups, respectively. Combinations of the above causes were observed in 22.5% (n = 49) of women in the responsive PPH group and in 35.0% (n = 50) of those in the refractory PPH group. broadening the definition of refractory PPH to also include the use of two additional uterotonics administered separately by more than 5 minutes showed similar results (data not shown).
Most of the combinations in either group included atony as one of the causes (data not shown). A sensitivity analysis
Of the 143 women in the refractory PPH group with severe PPH, 68.5% received second-line treatment procedures. Suturing of cervical or high vaginal tears was the most frequently used intervention (n = 59, 41.3%), followed by bimanual uterine compression (n = 32, 22.4%), UBT (n = 22, 15.4%) and hysterectomies (n = 5, 3.5%). There was only one artery ligation, and no use of compressive uterine sutures (e.g. B-Lynch).
Discussion
Main findings
In this secondary analysis of a large PPH prevention trial in vaginal births, we have shown that 16.2% of the women receiving uterotonics as first-line PPH treatment did not respond to such treatment and received additional interventions. These women with refractory PPH were more likely to have been induced or augmented with uterotonics, have had episiotomies or tears requiring suturing, and have babies weighing ≥3500 g. The causes of severe PPH in women with refractory PPH showed a different pattern to those in women with responsive PPH. While for women with responsive PPH atony was the sole cause in 53% of the cases and traumatic causes were not more than 13%, in refractory PPH both atony and trauma showed similar rates between 28 and 31%. In the same direction, the second-line treatment received by women with refractory PPH showed similar frequencies for interventions to treat cervical or vaginal tears (41.3%) and to treat uterine atony (compressive maneouvres or UBT 36.4%).
Strengths and limitations
This analysis has several strengths. The WHO CHAMPION trial is the largest PPH prevention trial conducted so far, Women with blood loss less than 1000 ml n = 2346
Women with blood loss less than 1000 ml n = 354
Women with blood loss 1000 ml or more n = 218
Women with blood loss 1000 ml or more n = 143 has a wide representation as women are enrolled from different regions, and collected high-quality data. The fact that it collected detailed information on the use of additional uterotonics, surgical procedures to treat PPH and postpartum blood loss measurement in each woman, allowed us to conduct a thorough analysis on women with PPH.
However, the analysis has several limitations. First, it is an observational secondary analysis of a trial with different aims, which did not collect data on whether women with PPH responded or not to first-line treatment. Second, in the absence of a formal refractory PPH definition, we constructed our own definition based on the additional treatment received by a woman with PPH. Although a similar approach was used by Mousa et al. in another observational analysis, it has limitations. 4 On one hand, it assumes that every woman with unresponsive PPH received an additional treatment intervention among those pre-defined in the study. This is likely to have been the case as all 
Interpretations
Women with refractory PPH were more likely to have been induced with uterotonics, have had episiotomies or tears requiring suturing, and have had large babies. These factors have already been identified as risk factors of PPH, so it is not surprising that they are also associated with refractory PPH. 9 This finding suggests that the timely administration of a proven effective treatment with a different mechanism of action, like a different uterotonic from the one used for induction or tranexamic acid, may be important as part of the first-line treatment. 3, 10 When we compare the causes of PPH, the relative contribution of uterine atony decreased from around half of the causes in responsive PPH to onethird in refractory PPH. Conversely, trauma doubled its contribution. This different pattern is very plausible. Uterotonics are known to be very effective first-line treatments for PPH caused by atony. However, high vaginal or cervical tears are not usually identified as the source of bleeding until exploration under anaesthesia, which is often performed only as a second-line intervention. 2 Both the rate of refractory PPH and the observed different pattern of causes are consistent with what Mousa et al. reported in another observational analysis. The authors reported that in vaginal births, 21% of women with blood loss of ≥1500 ml failed to respond to first-line treatment.
Considering that our analysis reported refractory PPH in women with PPH overall, our 16% seems consistent with their 21% figure. Regarding causes, uterine atony was shown to contribute to 52 and 36% of responsive and refractory PPH cases, respectively, while trauma was 15% in responsive PPH and 50% in refractory PPH. Other studies also reported that the contribution of trauma among the causes of PPH increases with the severity of the PPH. 11, 12 
